Aim of the study was to compare results of odor threshold test using different numbers of dilution steps, separately for butanol and phenyl ethyl alcohol (PEA). Methods: A total of 116 subjects participated (29 patients with olfactory dysfunction and 87 normosmic subjects). The olfactory threshold for butanol and PEA was examined with 8 (wide step method) and 16 (narrow step method) dilutions. With a delay of about 1 week, all 4 tests were repeated. Results: Test time was shortened by approximately 2 min (25%) for patients when using the wide step method. Butanol and PEA thresholds were not significantly different; in addition, a significant correlation was found between thresholds for the 2 odors (r = 0.60, P < 0.001). Threshold test with both odorants as well as with wide or narrow step method provided satisfying reproducibility (test-retest reliability: r = 0.80-0.84, P < 0.001). Patients with olfactory dysfunction could be clearly separated from normosmic subjects using all 4 different tests. Discussion: The results indicate that threshold testing with PEA is an alternative to butanol. The wide step method provided similar results as the narrow step method but required less time.
Introduction
Olfactory function can be tested using psychophysiological, electrophysiological, or imaging techniques. In clinical praxis, the University of Pennsylvania Smell Identification test (Doty et al. 1984) , the Conneticut Chemosensory Clinical Research Center test (Cain et al. 1988) , and the ''Sniffin' Sticks'' test (Hummel et al. 1997) are the most commonly used psychophysiological tests for comprehensive assessment of olfactory function. The Sniffin' Sticks test consists of 3 subtests, measuring olfactory threshold, discrimination, and identification ability and is used by many clinicians all across Europe (Hü ttenbrink 1997) . Whereas the threshold test is assumed to reflect mainly peripheral olfactory processes, the discrimination and the identification tasks seem to be more related to higher order cognitive processing, largely involving various memory functions (Landis et al. 2005) . This test proved to have a good reliability and a good validity for the detection of olfactory dysfunction (Hummel et al. 1997; Lö tsch et al. 2008) . The regular Sniffin' Sticks threshold test is based on 16 dilution steps of butanol and takes about 7-15 min.
In this study, we planned to compare the results of the odor threshold test using just 8 dilution steps with the idea to make the test less time consuming. This could be an advantage especially for clinical practice and in patients with concentration deficits. Additionally, we wanted to compare results for the threshold test for the regularly used butanol with those obtained for phenyl ethyl alcohol (PEA) (Doty et al. 1986 ). Because PEA is often used as a standard in electrophysiological olfactory testing (Hummel and Kobal 2001) and in olfactory-based functional magnetic resonance tomography (Boyle et al. 2007) , it would be of advantage to use the same odorant during each of the different types of measurements.
Materials and methods
A total of 116 subjects participated. The sample was divided into 29 patients with olfactory dysfunction (21 women, 8 men, mean age 55.5 years, range 28-72 years) and 87 normosmic controls (46 women, 41 men, mean age 41.6 years, range 19-74 years). The groups differed significantly in age (P < 0.001) and in tendency in sex distribution (P = 0.065), with the patient group being older and including more women. Olfactory dysfunction was mainly caused by upper respiratory tract infections or sinunasal disease. For details regarding the sample, see Table 1 .
In a first session, all subjects were tested for olfactory identification and discrimination abilities using the Sniffin' Sticks test. Additionally, a detailed history was taken regarding general healthy and olfactory function. In the next session, olfactory threshold was examined 4 times in each subject for butanol and PEA with 8 (wide step method) and 16 (narrow step method) dilutions, covering the same range of concentrations. The sequence of testing the 4 conditions was randomized across all participants in a balanced order. For analyzing the test-retest reliability of the tests, the 4 olfactory threshold tests were repeated in a third session. The test-retest interval was an average of 7.2 days (standard deviation 5.1). In the retest, all the 87 normosmic controls and 16 of the patients participated.
The measurement of odor threshold was performed using the Sniffin' Sticks. The pens have a length of approximately 14 cm with an inner diameter of 1.3 cm. The pens tampon is filled with 4 ml of a 4% odor solution; solvent for PEA was propylene glycol, and solvent for butanol was water. Further dilutions were established with a dilution ratio of 1:2. As explained, for the narrow step method, the 16 dilutions were prepared in a geometric series starting from a solution with 4% butanol or PEA, respectively. For the wide step method, every second step of the narrow step method was left out, so that 8 different dilutions remained.
For odor presentation, the pen's cap is removed by the experimenter for about 3 s and the pen's tip is placed approximately 2 cm in front of both nostrils. Odor thresholds were assessed using a single-staircase, 3-alternative forcedchoice procedure (Ehrenstein W and Ehrenstein A 1999) .
Three pens were presented in a randomized order, with 2 containing the solvent and the third the odorant. Subjects had to identify the odor-containing pen. Triplets were presented at intervals of approximately 20 s. Reversal of the staircase toward lower concentrations was triggered either when the odor was correctly identified in 2 successive trials or toward higher concentrations when the odor was not recognized in 1 trial. Total number of reversals was 7; threshold was defined as the mean of the last 4 staircase reversals. There was no absolute number of correct responses required.
For measuring the needed time to perform the tests, we stopped the time during the test and additionally counted the required triplets until the threshold was reached.
Statistical analysis
For threshold results and for the required time and triplets, we analyzed pairwise comparisons of the odor threshold methods using Bonferroni-adjusted t-tests. For comparison between groups, the between-subjects contrast for the 4 threshold tests were examined. To make sure that the difference in age and sex between groups did not confound the results in the analysis of variance for repeated measures, age was added as a covariate and sex as a between-subject factor. For retest reliability, the coefficient of correlation was calculated for test and retest for each method. Additionally, we computed retest reliability separately for patients and normosmic controls. Due to the small number of subjects in the patient group, we then additionally calculated the intraclass correlation coefficient.
Results
In the comparison of the threshold results between the 4 odor threshold tests, we found no significant differences, either for patients or for controls (P > 0.21, see Figure 1 and Tables 2  and 3 ).
With each of the 4 different methods, it was reliably possible to distinguish patients from normosmic controls (P < 0.001). Furthermore, we found high correlations between the narrow and the wide step method for butanol as well as for PEA (r = 0.88-0.90, P < 0.001, see Figure  2 ). The correlation between the odorants PEA and butanol appeared to be moderately high for the wide step method as well as for the narrow step method (r = 0.60-0.64, P < 0.001, see Figure 2 ).
Analyzing test-retest correlations, we found satisfying retest reliability for all the 4 threshold tests for the whole sample (r = 0.80-0.84, see Table 4 ), separately for patients (r = 0.74-0.88) and normosmic controls (r = 0.78-0.84).
In the comparison of the time needed to perform the tests, we found significant differences between the wide and the narrow step method. The wide step method required less triplets until getting the threshold and therefore was significantly less time consuming than the narrow step method (P < 0.001). Especially for patients, there was a clear time advantage in the wide step method (see Figure 1) . Depending on the odor used, time savings ranged between 24.5% and 30% in patients and 16.4% and 18.1% in normosmic subjects (see Table 2 ). Measurements with butanol required less triplets than those for PEA for the narrow step method (P = 0.005), but not for the wide step method (P = 0.13).
Discussion
Both dilution step methods lead to similar and reproducible results in patients and controls, but the wide step method was significantly less time consuming. Thus, in this respect, the wide step method provides an advantage for olfactory threshold testing in patients, especially for patients with concentration deficits (e.g., mild cognitive impairment; Murphy et al. 1998 ) where time of investigation should be kept as short as possible. The wide step method is not only an advantage for the subject or patient, on an individual level, but also in terms of the organization of the clinical routine. In our Smell and Taste Clinic, for example, we assess olfactory function in about 8 patients on a regular working day. A time saving of about 2.5 min in the butanol threshold test adds up to approximately 20-30 min a day. Thus, use of the wide instead of the narrow step method in patients can help to enhance subjects' and patients' compliance and to reduce costs for the clinic, without significant loss of information. On the other hand, the narrow step method provides the better resolution. This may be interesting for research or clinical matters, like detect subtle dysfunction or variations in olfactory sensitivity.
Both odorants produced reliable threshold results and were equally good to distinguish between patients and normosmic subjects such that the threshold test with butanol could be exchanged with tests for PEA. This is important because many electrophysiological and imaging studies on the sense of smell often use the pleasant, rose-like smell of PEA (e.g., Boyle et al. 2007; Lombion et al. 2009 ). Because of the only moderately high correlation between thresholds for the 2 odorants, on an individual level still results for 1 of the 2 odors should be used.
In summary, we have shown that alternatives to the often used olfactory Sniffin' Sticks threshold test can save time and Normosmic Subjects 18.1%, P < 0.001** 16.4%, P < 0.001** Patients 30%, P < 0.001** 24.5%, P < 0.001** **P < 0.01. may be better suited for patients by reducing the number of dilution steps or for certain projects by using PEA instead of butanol. 
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